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Enavme Activity 6nhane<miffly 

The preswu invention relates to a method of enhancing the activity of an enzyme with an 
enhanong agent for the enzyme and to the use of the enzyme of enhanced activity in a 
degradation process. 

The use of a peroxidase enzyme in a process for the degradation, e.g. by bleaching, of a 
wide variety of substrates is already known. 

For example, the use is known of a peroxkiase enzyme In the bleaching of pulp for paper 
production, in the Ueaehing of textiles during washing, in the nthibition of dye transfer 
during washing and in the modiricatkxi. breakdown or bleaching of Ognin. espedaOy during 
the production of paper pulp. In these known processes, the peroxkiase enzyme is 
conventionally used together with hydrogen peroxide or a compound capable of producing 
hydrogen peroxide in sAi/. 

Boufbonnais efaf.. in FEBS iettara (1990) 267. No.1. 99-102, have noted that, in the 
presence of certain compounds, temied mediators, such as the reacQve dye Remazole 
Blue* or 2.2'-azinobls(3^befizthlazoline*su«onata)(ABTS),laccase enzymes 
(polyphenol oxktases) can oxidize not only phenoiie but also noni)henoOc lignin subunits. 

Although AST? exhbits an excellent performance as a mediator for the bleaching of 
undesired dyestuffs, e.g. in the bihlbltton of dye transfer during washing, it is itself a dyestuff 
and suffers fiwn the dsadvantage that, after effecting its bleaching action, residual 
amounts of ABTS always remain in the treatment system. 

In WO 94rt2e21. a has been proposed to use. as enhancers of the activity of peroxidases, 
organic chemicai compounds eontisting of at least two aromatie rings, at least one of which 
rings is substituted by one or more nitrogen, oxygen or sulfur atoms, the ifeigs being 
optionally fused. 

As merely one of many preferred sub-groups of such aromatic compounds, WO 94/12621 
proposes naphthalene compounds wMch are optionaily substituted by a wide variety of 



groups in aO possibte positions on the naphthalene nucleus. The dtedosed ^ibstitum 
groups, however, do not include the nitroso group. 

Moreover, in WO 94/29510, there is descra>ed a process for modifyffig, breaking down or 
bleaching lignm using oxidation catalysts and suitable oxidizing agents. The catalysts are 
used in combinatk>n with an aliphatic, cydoaliphatic heterocycCc or aromatic compound 
containing NO-. NOH* or H-N(RH)H groups (in which R Is not defined). Within this wide 
scope of compounds, N-hydroxy heterocyclic compounds such as hydroxybenzotriazole 
appear to be preferred. No aromatic compounds containing a nitroso group are specifically 
mentioned 



1-Hydroxybenzotriazole indeed an excellent mediator, it is probably not sufficiently 
economic however, for use in bleaching applications. Moreover, during enzyme reaction 
involving 1-hydroxybenzoti1azole, there is obtained the by-product benzotriazole, which has 
been found to be mutagenic. 

Surprisingly, it has now been found that using, as a mediator in the degradation of a 
substrate in the presence of an oxidoreductase enzyme, a (hetero)aromatto compound 
containing both a hydroxy and a nitroso group, and/or the anaiogoim sulfur compounds, 
excellent levels of substrate degradation are obtained. 

Accordingly, the present ^ntlon provides, as a first aspect a method for enhancing the 
aciMty of an enzyme, oomprisbig the use of the enzyme in combination %vtth a med^ 
oompound having the formula: 



^()0x 
[A^(Y)y(1) 
^(Z)z 



in vifhich A is a (hetero)arDmatio residue; X Is an 44sS or, preferably, an •NsQ group; Y Is an 
•SH or, preferably, an «0H group; Z Is a water-solubilising group, preferably a group • 
SOaNHs, -COjM or-SOjM In which M is hydrogen or a cation; x is 1 or 2, preferably 1; y is 1. 
2 or 3. preferably 1 ; and z Is 0, 1 ; 2* 3 or 4. preferably 0. 1 or 2. 



The mediator compound of fomiuta (1) may be present in any of its possible tautomeric 
forms and/or transition metal complex forms. When present as a transitioih metal complex, 
the mediator compound of formula (1) is preferably in the form of an iron, manganese or 
cobalt metal complex. Moreover, in addition to the essential substituents X and Y. the 
residue A may also contain <^e or more further substituents such as d-C^alkfl, Cr 
C«alkoxy, halogen and nitro groups. 

The enzyme component, the activity of which is to be enhanced according to the present 
invention, may be any oxidoreductase or any fraction or synthetic mimic of such an enzyme. 
By enzyme mimics are meant compounds which simulate the prosthetic group of an 
oxidoreductase. Examples of oxidoreductases indude oxidases, peroxidases, lignin 
peroxidases, manganese peroxidases and. in particular, laccases and laccase related 
enzymes. 

The peroxidase enzyme may be any of those comprised by the enzyme classification EC 
1 .1 1 .1 7, or any peroxidase activity^xhibiting fragment derived from such enzyme. Also of 
interest are synthetic or semi-synthetic derivatives of such enzymes, such as those 
comprising porphyrin ring systems or microperoxidases which are described, e.g., in US* 
4077768. EP-537381, WO 91/05858 or WO 92/16634. Other relevant enzymes are 
peroxidase^ctlve fragments derived from cytochromes. hemoglot)in or peroxidase 
enzymes, or synthetic or sem^^thetic derivatives thereof such as iron porphins, iron 
porphyrins, iron phthalocyanine* and derivatives thereof. Such enzymes may be derived 
from animal, vegetable or nacrobial sources. 

The laccase or related iaccase enzyme may be any of those comprised by the ertzyme 
classification £0 1 .10.3^ any catechd oxidase enzyme comprised by the enzyme 
classification EC 1 .10.3.1 , any binrut»n oxidase enzyme cmprised by the enzyme 
classification EC 1.3.3.5 or any monophenoi monooxygenase enzyme comprised by the 
enzyme classification EC 1.14.99.1. 

The laccase or related laccase enzyme may also be one which can be produced by 
cultivation of a host cell trartsfofmed vrith a recombinant ONA vector carrying a DMA 
sequence encoding the laccase and carrying ONA sequences encoding functions allowing 
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the expression of the DMA sequence encoding the laocase. The cultivation may l>e 
conducted in a culture medium under oondtions which pemtit the expression of the laccase 
enzyme. Finally, the laccase may be recovered fn>m the culture medium. 

The laccases are preferably produced from white rotting fungi. espedalJy Phanerochaete 
dtnyscfsponm and Coholus (Trametes) versiootor. 

In the mediator compounds of fonnula (1), A may be a purely aromatic residue, preferably a 
phenyl residue or. espedaily. a naphthyl residue, or it may be a heteroaromatic residue, that 
is an aromatic residue containing one or more heteroatoms, preferably nitrogen, oxygen or 
sulfur atoms, such a pyrimidine or coumarin residue, or an aromatic residue substituted with 
a heterocydie residue. Both aromatic and heteroaromatic residues A include mono- and 
polycydic residues. In the case of the latter, the individual rings may be fused together, or 
linked together via a bridging member such as a direct bond, KCHtKi*. -(CHsCH)*-, -NsN-. 
-O-, -CO-. -NH*. -NaN% -S* or -SQr in which n is an integer from 1 to 6. 

Examples of preferred purely aromatic mediator compounds of fonnula (1) are those having 
the formula: 




in wh^ Z. X, y and z have their previous significance. 

Preferred purely aromatic compounds of fonnula (2) are those having the fonnula: 




(Z)z 0) 



orthefomiuia: 




in which Z and z have their previous signrficance. 

Further examples of preferred pureiy aromatic mediator compounds of fonnula (1 ) are those 
having the fdrmuia: 



Me- 



^(N0)X 




•(OH)y (5) 



-Jp^(2)r 



in which Z, x, y and z have their previous significance, Me is a transition metal and p is the 
valency of the transition metal Me. 

Examples tl prefeired heteroaromatic mediator compounds of formula (1 ) are pyrimlcSne 
derivatives having the lomniia: 



OH 



OH -OH 



<the oommeiciaily avaSable compound vioiuiic acid), which can aico exist in other 
lauiomecto fomts such as that having the fonnula: 




or having the formuia: 




(i.aKfimethy1-6Hiitio$obaftituifc add; Beflstein EiL vol 24. 307); and coumartn derivativea 
such as lhat having the formula: 



OH 




(44!ydioxy-3-nttrosocoijnMrin; Beiislein E IIIAV, voL 17, 6737); as weU as compounds 
having the fomtite 




646 409. Example 19); or having the formula: 
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6. 



(10) 



(having m.pt 230*C.(deoomp.) and the elemental analysis tealculftted for CtoHtoN^SO)) 
Ca42.8S; H83.57: Na19,85; S=11.36; Os22.67; found Cs42.7; Hs3^: N«19.8; S=11.3; 
Os22.7 and produced analogously to the procedure described in US^*2 646 409. Example 
19). 

In the compounds of formula (1), (2). (3) or (4). when M is a cation, it is preferably an alkali 
metal cation, espedally a sodium cation, or a cation fomted from an amine. 

When, In the compounds of formula (1). (2), (3) or (4), Z is a waler-sobibffising group, then it 
will be understood that the compounds of formula (1), (2), (3) or (4) may be used in the fomt 
of any desired hydrate. 

Particulany preferred purely aromatic mediator compounds of fomnuia (1 ) Include those 
having one of the formulae: 



NO 






-B- 






(CJ.10020: AeW Qreen B; Naphltwl Owen B): %i*ich may b« In ihe tautoiMiic Ibnn hawing 
the fonnula: 



NO 




(Berichte Deutschen Chem. Ges. 42. page 4266). 

The mediator compounds are mostly known compounds and can be obtained commerdalty 
or by methods which are well known. The compound of fomiula (10), however, is a new 
compound and, as such, fonns a second aspect of the present invention. 

The present invention provides, as a thiid aspect, a process for the degradation of a 
substrate comprising contacting the substrate with a bteach iiquor comprising an oxidizing 
agent, an en^e arid a mediator for the enzyme, according to thje first aspect of the 
present Invention. 

if a peroxidase enzyme is used, the oxidizing agent used in the degradation process 
according to the present invention is preferably hydrogen peroxide or a compound capable 
of produdfig hydrogen pefOxMe ki situ, such as a perborate, a percarbonate, a 
peroxycartKixyfIc add or a salt thereof. 

On the other hand, if a faccase or laccase^elated enzyme is used, the oxidizing agent used 
tn the degradation process according to the present invention is preferably oxygen, 
conveniently suppDed as air or pure oxygen, optionally with the application of pressure. 
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In addition t the above-mentioned enzymes, the degradation process fth invention may 
also include the addition of hemiceilulases. ceOulases. pectinases. amylases and lipases to 
the reaction mixture. Mixtures of two or more enzymes may also be used and, under certain 
circumstances, synergistic effects may be observed with the use of such mixtures of 
enzymes. 

The oxidizing agent is preferably added at the start of the degradation process and 
preferably in an amount of from 0.0001 to 5.0% by weight, more preferably from 0.01 to 
1.0% by weight, based on the total weight of the substrate to be degraded. 

The degradation process according to the present invention is preferably applied to the 
degmditive bleaching of pulp for paper production; in the degraditive blearing of stains on 
a) textiles during washing thereof Yni&\ laundry detergents or on b) dishes during washing 
thereof with dishwashing detergents: In the mo^icatlon. breakdown or bleaching of llgnin. 
especially during the production of paper pulp; in the degradation of organic material such 
as a dyestuff In waste water; and in the degmditive bleaching of migrating dyes in a 
waishlng process, so that Inhibition of transfer of such dyes during washing is effected. 

When the process of the present invention is applied to degraditive bleadiing of pulp» the 
process is generally convenientiy operated at a temperature in the range of from as^aO"^., 
preferably at a temperature in the range of from 40-60*C. The process is preferably 
conducted in the presence of air or oxygen and at a pressure ranging from norm^ pressure 
up to 10 bar excess pressure. The consistency of the process reaction mixture preferably 
ranges from O.S-40%. 

The process of the present invention may be applied to the productim of pulps in general. 
Thus, the process may be used for the deligniftcation (bleaching) of sulfate*, sulfite-, 
organosolve- and wood pulp. 

The present invention further provides a method for the degraditive bleaching of stains on 
a) fextUes duimg .washing thereof with laundry detergents or on b) dishes during washing 
thereof ^ dishwashing detergents, comprising washing the textiles or dishes with a 
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(aimdiy or dishwashing detwgemiiv^ 

the ackfitton of a mentor confound of fomnda (1) aooofdiftg to the present invention. 

The present inventton also provides a method for inhibiting the re-al)soiption of migrating 
dyes in the wash Hquor, oOTprlsIng imn>duoing into a wash liquor oonta^ing a peroxide 
detergent, from 0.001 to 150 mg, per litre of wash liquor, of an enzyme having enhanced 
activity by the addition of a mediator compound of formula (1 ) accordTng to the present 
invention. 

When the method of the presem invention is applied to the degraditive bleaching of stains 
on textiles during washing thereof with laundry detergents, or for inhibttbig the re-absorption 
of migrating dyes in the wash liquor, comprising introducing into a wash liquor containing a 
peroxide detergent the metfuxl is generally conveniently operated at a temperature in the 
range of from 15-60%., preferably at a temperature in the range of from 2S-50*C. 

The presentinventim further provides a detergent composition comprising: 

i) 5-90%,pref erabiy 5-70% of A) an anionic suilactam and/or B) a nonionic suriadant; 

ii) 5-70%. preferably 5-60%, espedaBy 6^ of Q a buBder, 

iii) 0.01-30%, prefefBt^M2% of 0) a peroxide: and 

iv) 0.001 -2%, preferably 0.02-2% of E) an enzyme having enhanced activfty by the addition 
of a mediator compound of fonnula (1) accorcfing to the present Invention, each by weight, 
based on the total weight of the detergent. 

Each oomponema A) to E) may be a single cbmpocmd or a mbcture of compounds. 

The detergent may be (ionmiialed as a soDd; or as a non^ueous liquid detergent, 
containing not more than 5. preferably 0-1 wt% of water, and based on a suspension of a 
buiider in a non-ionic surftetent, as described, e.g., In GB-A-21 50454. 

Preferably, the detergent in powder or granulate fonn. 

Such powder or granulate fonns may be produced by firstly fdniting a base powder by 
spray-drying an aqueous slurry containlrq) all the said components . apart from the 
ownponents 0) and then adding the eomponems 0) and E) by diy-blending them into 
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the base powder. In a further process, the component E) may be aMed to an aqueous 
slurry containing components A). B) and C). followed by spray-diying the slurry prior to dry- 
blending component 0) into the mixture. In a still further process, component B) is not 
present, or is only partly present in an aqueous slurry containing components A) and C); 
component E) Is irtcorporated Into cmponent B), which is then added to the spray-dried 
base powder, and finally component D) is diy*blended into the mbcture. 

The anionic surfactant component A) may be. e.g...a sulphate, sulphonate or carboxylate 
surfactant, or a mixture of these. 

Preferred sulphates are alkyt sulphates having 12-22 caiton atoms in the allcyl radical, 
optionally in combination with alkyt ethoxy sulphates having 10-20 caiton atoms in the alkyi 
radical. 

Preferred sulphonates include allcyl benzene sulphonates having 9-15 carbon atoms in the 
alkyI radical. 

In each ease, the cation is preferably an alkali metal, especially sodatm. 

Preferred carboxylates are alkali metal saroosinates of formula R«C0(R*)CH2C00M* in 
which R is alkyI or alkenyl having 9-17 carbon atoms in the alkyi or aikenyt radical, R* is 
Ci-C4alkyl and is alkali metaL 

The nontontc surfactant component B) may be, e.g., a condensate of ethylene oxide with a 
CrCis primary alcohol having 3^ moles of ethylene oxkle per mole. 

The bulkier component C) may be an alkali metal phosphate, especially a trlpdyphosphate: 
a carbonate or btearbonate, espedaily the sodium salts thereof, a silicate: an 
alumlnosOicate; a polycartMxylate; a polycarboxyllc acid; an organic phosphonate; or an 
aminoaikytene poly (alkylene phosphonate); or a mixture of these. 
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Prefened silicates ars crystallins layered sodium silnates of the formula NaHSimOaii»i or 
NaaSUOa»*i.pH|0 In which m is a number from 1 .9 to 4 and p is 0 to 20. 

Preferred aiuminosilicates are the commercially<«vailable synthetic materials designated as 
Zeolites A, B, X, and HS, or mixtures ol these. Zeofite A is preferred. 

Preferred polycartoxytates ir^ude hydroxypolycartx)xylates, in particular citrates, 
polyacrytates and their oopdymers with maleic ar^hydride. 

Preferred poiycaitoxyUc adds Include nitnlotriacetic ackJ and ethylene diamine tetra-acetic 
acM. 

Preferred organic phosphates or aminoalkylene poly (aikylene phosphonates) are allcali 
metal ethane 1-hydn>xy <£phosphonates, nitrilo trimethylene phosphonates, ethylene 
diamine tetra methylene phosphonates and diethylene triamine penta methylene 
phosphonates. 

The peroxide component 0) may be any organic or inorganic peroxide compound, 
desert in the literature or availaUe on the marlceti which bleaches textiles at 
oonventionai washing temperatures, e.g. tempemtures In the range of from 10*C. to 90*C. 
In particutar, the organic peroxides are. for example, monoperoxides or pofyperoxides 
having allcyl chains of at least 3. preferably 6 to 20, cait)on atoms; In particular 
diperoxydicarboxylates having 6 to 12 C atoms, such as (fipemxyperazelates, 
diperoxypeisebacales, <fiperoxyphthalates and/or dlpemxydodecanedroates. specially their 
oonespomfing free adds, are of interest it is preferred, however, to em|4oy very adive 
inorganic peraxidea, audi as pefsulphate, perborate andter percaibonate. It is, of course, 
also possible to employ mbdures of otganie and/or inorganic peroxides. Peroxides can have 
different crystalline fonms and/br different degrees of hydration. They may be used In 
admbeture with other organic or inorganic salts, thereby Improving their stability to storage. 

The addition of the peroxides to the detergent is effeded, in particular, by mixing the 
components, for example by means of screw-metering systems and/or fluldized bed mbcers. 



The detergents may oontaki. in addtion lo the oonMnation aooording to the invention, one 
or more of fluoreecent %vhitening agents, such as a bis-tifazlnylafnino-stilbene-disulphonic 
add. a bis-triazolyi-stilbene-disutphonic acid, a t)ls«styfyt-biphenyi. a bis- 
. benzofuranyibiphenyl, a bIsHienzoxalyl derivative, a bis-benzimidazoly! derivative, a 
coumarine derivative or a pyrazoiine derivative: soil suspending agents, for example sodium 
carboxymethylceilulose; salts for ad^isting the pH« for example alkali or aUcaiine earth rnetal 
silicates; foam regulators, for example soap; salts for adjusting the spray drying and 
granulating properties, for example sodium sulphate: perfumes: and also, if appropriate, 
antistatic and softening agents: such as smectite days; enzymes, such as amylases; 
photobleaching agents: pigments; and^or shading agents. These constituents should, of 
course, be stable to the bleaching system employed. 

A paitk^ilarly preferred detergent oo-additive is a polymer known to be useful in preventing 
the transfer of labile dyes between fabrics during the washing cyde. Preferred examples of 
such polymers are polyvinyl pyrrofidones, opttona&y modified by the inclusk>n of an anionic 
or cationic substituent, espedaUy those having a molecular weight in the range from 5000 to 
60,000, in particular from 10,00 to 50,000. Preferably, such polymer is used in an amount 
ranging from 0.05 to S%, preferably 0^2-1.7% by wei^ based on the weight of the 
detergent 

The following Examples further illustrate the present invention. 

The oxidation of CLDirect Blue 1 is monitored spectroscopically at 610 nm (the absorption 
peak of the dye) in a spectrophotometer. 

The reagents are added, using a p^ette. in the following sequence, to a cuvette having a 
layer thickness of 1 cm: 
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acetate buffer pH' 5 

CLDiredBluel 

H2O 

mediator under test and 

iaocase enzyme (polyphenol oxidase produced from Trametes verstoofor)* 

The test mediators used aooording to the present invention are those having the following 
formulae: 



NO 




so/to 



For the purpose of comparison, an experiment is conducted using, as mediator, the known 
mediator compound N-hydroxyt)enzotriazole having the formula: 



I 

OH 



Directly after the addition of the enzyme, the mixture is stirred with the tip of the pipette for 
about 15 seconds. 20 seconds after the addition of the enzyme, the spectroscopic 
measurement at 610 nm is commenced and the spectnim is monitored for 8 minutes. The 
temperature of the reagents and the cuvette is set at 2S*C. Each experiment is conducted 
at pH 5. The volume of Gquid in the cuvette is adjusted to 3 mt for each experiment by 
adding the necessary amount of water. 

In the following Table 1 . there are sfwwn. for e^ reagent, the concentration of the reagent 
in the basic sotution, the amount of the sample of reagent removed and the concentration 
of the reagent in the final solution. 



Tabifll 



Reagent 


Concentration of 
basic solution 


Amount of sample 
taken 


Final concentration 
in cuvette 


acetate buffer pH 5 


2.66 mdeA 


25^ 


20,10** mdeA 


Direct Blue 1 


7.54.WmoWl 


100 Ml 


2,51.10 •molen 


medktor. 
Compound 101 
, Compound 103 
Compound 104 
HOST 


1.42.10''moteA 


21 Ml 


10.10** moleA 


lacCTSft 


6.0U/ml 


50 pi 


0.1 UAnI 



TN concentration unit U (iimoVmin) given for the laocase is defined in Bourtwnnais et al.. in 
FEBS letteis (1990) 267. No.1 . 99-102 (supn). 
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The results f the dye oxidation tests, showing the optical density (00) measurements at 0 
and at 8 minutes, and the rate of increase Ctnitial gradient) of the respective 00 curves, are 
set out in the following Table 2. 



Table 2 









Initial 


Mediator 


OOo«iA 




Gradient 








xlOOO 


none (laccase alone) 


0.90 


0.67 


31.73 


HOBT 


0.90 


0^6 


54.18 


Compound 101 


0.83 


0.40 


231.17 


Compound 103 


0.90 


0.36 


7972 


Compound 104 


0 J9 , 


0.33 


108.98 



The rate of dye ondation obtained with the mediators used aoooiding to the invention is 
dearly greatly superior to that in the control experiment or using the ioiown mediator HOBT. 

Similar results are obtained when the compounds of fonnula (101). (103) and (104) are 
replaced by those of formula (10S)» (106). (107), (6). (7). (8). (9) or (10). 

gxamnle 4 

1.0 Of lMHa804 is added to of moist softwood pt^p (dry softwood pulp content I0.0g) 
in order to maMain the pulp at ah adtfc pH. 
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0.0S 9 Of a mediator oofflpound of (onnula: 




•« tfssolvod ft) 20 mte of watar. Thfe medWor solution, tooeltier wift 4 mis of a 0^% by 
weight a^aotis solution of H)TA and - Iris of water aw thsn added to the pulp in order a> 

pravide. m the mixture, a concentration of 5 mg of the mediator compound of fomiula (10) 
"per g of pulp and a ooncettfratlon of 2 mg of EOTA per g of pulp. Over a period of 60 
seconds, the lesjdting mixture Is thoroughly homogwiiMd. To Iho homogenized mixture 
there ara added Veraleolor laocase (K number 1.10 1 A mb of an aqueous i6M 
sodium acetate buff ar soMion CpH S). 02S nrf d a 20% 6y weight aqttW)us solu^ 
MgSOfc to flhro a concentratloo of 35 U el laocase per g of pulp, a ooncontiation of 0.5 mg 
of MgSO. per g of pu^) and a concentratton of 50 mM of sodium acetate the resulting 
mixture! The mixture so obtained Is kneaded for 60 seconds and the pH Ihereol Is adjusted 
to 5. if necessary, by the adtftlon of further 1 M HiSO*. Tfto total weight of the mixture is 
then acfjusted to 100 9 by the addition of further wrater. 

The Imeaded b plaoad In a alaal container ftom «(h» 

using a water iat pump. The oOBtalnar Is Ihen charged with oatygen to a pressure d 

The conWner is then haaiad at SO^X for 225 minutes and subsequently the oxygen is 

removed using a watar let pump. 

The reaclion mixture is washed with 1 ntre of wann (50^5.) water In a Buchner funnel: ther 
exirected with a warm (70*0.) aqueous NaOH solution, using 2 g of NaOH per 100 g of 
pulp; and finally re-washed with Ultra of waim (SO-C.) water In a Buehner funnel. The tota 
weight of the afcaOne mixlure (Including 10 9 of pulp) is then adjusted to 100 g by the 

additton of further water. 
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The Kappa number of the washed material is then determined according to the test method 
SCAN-C 1 :77 of the Scandinavian Pulp and Paper Board. Compared with the initial Kappa 
number, a Kappa number reduction of 26% is obtained. 

gxaoifils^ 

Using a beaker laboratory d/eing apparatus having SO mis containers, respective wash 
liquids are made up containing, in 25 mis of water, a) a borax buffer <pH 9) or a commercial 
detergent; b) a peroxidase from horse radish (Rulca No. 77333) dissolved in a phosphate 
buffer (pH 6); and c) the compound of fonnula (1 01 ). The wa^ liquor Is pre^ted to 40*C. 
Test cotton swatches are immersed in the respective wash liquids and then 5 mis of an 
aqueous solution, also pre-heated to 40*C., of Cibacron Ii4arine C-B dye and hydrogen 
peroxide are added. 

... a 

The reagent concentrations are shown in the following Table 3. 



Table 3 



Reagent 


Rnal concentration In wash liquor 




buffer system 


detergent system 
— ■'i J 


borax buffer 


20 mM 




commercial detergent 




4.4 g/l 


HiO, 


200 ^M 


200 |iM 


compound (1 01 } (stock solution 
20:80 ethanol/Water) 


90 ^M 


90 Mf^ 


peroxidase, 727 U/mg 


0.56 U/ml 


0.56 U/ml 


Cibacfon Marine C-B 


20|iM 




cotton swatches 


2,8 g 


3.75 g 



The total volume in the wash container is 30 mis. 
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1U of Rutca No. 77333 eoiresponds to ihe amount of ereqfine «iliich oiddizM 1|unol of 
ABTS per minute at pH 6 and at 25*C. 

Ourtng the washmg piocess. the tempeiatiw 1$ l»eW at 4(rc. tor 30 minutes. The sw^ 
aie then remowed Horn the containers, rinsed with water, dried and ironed. The brightness 
vklues (Y) of the washed samptes. as well as those of control samples, are then detennined 
spectrophotometrically. the results are set out in the foBowing Tat)le 4. 



Example 


wash conditions 


Y 






buffer system 


detergent system 




control: cotton untreated 


92.5 


92.5 




control: no enzyme or compound (101) 


72.8 


82.0 




contnal: enzyme but no compound (101) 


74.8 


82.3 


. S 


complete system 


85.4 


90.0 



The results in Table 4 demonstrate that the method dthe present Invention is veiy effect 
In inhUting the transfer of the dye on to the cotton and thus maWalna, to a great extent, 
the ortglnal bHghtnees of the washed ootiM. The resulls obtained compare f»«urably 

■ • those resulting from the use of a GommercUdetergenL .. 



•21- 



Dlatms 



1 . A nciethod for enhancing the adivity of an enzyme, comprising adding to the enzyme. a$ 
a mediator for enhancing the activity of the enzyme, a compound having the f ormuta: 




In which A is a (hetefo)aromatic residue: X is an -rsl=S or an -N=0 group; Y is an -SH or an • 
OH group: Z is a water-solubil^g group; x is 1 or 2: y is 1 . 2 or 3; and z is 0. 1 , 2. 3 or 4; or 
a tautomer or transition metal complex of a compound of formula (1). * 

2. A method according to datm 1 in which X is an -NsO gioup. 

3. A method according to daim 1 or2ln which Y is aiv -OH group. 

4. A method according to any of the preceding daims in which Z is a group -SOaNHa. -COzM 
or -SOjM in which M is hydrogen or a cation. 

5. A method according to any of the preeedng claims in which x is 1 . 

6. A method accorcSng to any of the preceding claims in which y Is 1 . 

7. A method aoooiding to any of the preceding claims in which z is 0. 1 or 2. 

8. A method aooordtng to any of the prece^ng claims in which the enzyme component is an 
oxidoreductase or any fraction or synthetic mimic of such an enzyme. 

g. A.method according to any of the preceding claims in which me oxidoreductase is an 
oxidase, peroxidase, lignin peroxidase, manganese peroxidase or laocase. 



10. A metlKxi according to claim 9 in which 
related enzyma. 

11. A method acceding to any of the pracading claims in which a compound of fonnuia (l) 
is used in which A is an aiomatic residue. 

12. A method according to claim 1 1 in which A is a naphthyl residue. 

13. A method according to daim 12 in which the compound of fomiula (1 ) has the formula: 




in which Z, x. y and z are as defined in daim 1. 

1 4. A mettiod according to daim 13 &i which the compound of formula (2) has the f omiida: 



NO 



or the fonnuia: 




in which Z and z are as defined In daim 1 . 
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15. A method aooordng to dalm 14 in which the compound of fomiufa (1) has one of the 
fom\ulae: 



NO 




SOjei 



• 24* 



NO 




OH 



(107). 



16. A method according to daim 12 in which the compound of fommila (1) has the fomiula: 



Me« 




(OH)y (5) 



in which X, y and z are as defined in daim 1. Me is a transHion metal and p 
of the transition metal Me. 

1 7. A method according to dabn 1 6 in which the compound of f onnuia (5) has the formula: 



N 



OH 




^80, 



Fe (106) 



or the tautomeric form having the fomuila: 



NO. 




OH 



SO, 



Fe (106A). 
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18. A method aooording to any of ciairps 1 to 10 in which a compound of fomiula (1) is used 
in which A is an heteroanmatic residue. 

1 9. A method according to daim 18 in which Ihe compound of fonnula (1 ) has one of the 
formulae: 



OH 




or the tautomeric form having the fonmuia: 

O 




OH 




• 26* 




HO 



(10). 
SO/IH, 



20. A method accofdinfl to any of the preceding daims in which, in the compounds of 
foimula <1 ). (2). (3) or (4), v»hen M is 8 cation, it is an aOcali metal cation or a cation formed 
fioffl an amine. 

21. A method according to any of the preceding claims in which when. In the compounds of 
fom>ula (1). (2), (3) or (4). Z is a water^ubilislng group, then the compounds of formula 
(1). (2). (3) or (4) are used in the fonn of any desired hydrate. 

22. A pweess for the degiadtfion d a substrate comprising comaeting the 8i*stmte wift 
bleach Bquof comprising an ojddWng agent, an eniyroiB and a mediator compou^ 
foranto (101) for the an^me as defined in any of dalms 1 to 21 . 

23. A prooass according to dalm 22 In which the oxidizing agent is added at the start of the 
process in an amount of from 0.0001 to 5.0% by weight, based on the total weight of the 
substrate. 

24. 'A process aocoiding to dalm 23 In which the oxidizing agent Is added in an amount of 
from 0.01 to 1 .0% by weight, based on the total weight of the substrate. 
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25. A process according to my of claims 22 to 24 in which a peroxidase enzyme is used 
and the oxidizing agent is hydrogen peroxide or a compound capable of producing 
hydrogen peroxide in sift/. 

26. A process according to daim 25 in which the oxidizing agent is a pert)orate. a 
percartonate. a peroxycart)oxyiic add or a salt thereof. 

27. A process according to any of daims 22 to 24 in which a laccase enzyme is used and 
the oxidizing agent is oxygen and is optionally applied under pressure. 

28. A process according to any of claims 22 to 27 in which the degradation process is 
applied to the degraditive bleaching of pulp for paper production. 

29. A process according to any of daims 22 to 27 in which the degradation process Is 
applied to the degraditive bleaching of stains on textiles during washing with laundry 
detergents or to the degraditive bleaching of stains on dishes during washing of the dishes 
with dishwashing detergents. 

30. A process according to any of daims 22 to 27 in which the degradation process is 
applied to the modification, breakdown or bleaching of lignin. 

31 . A process according to daim 30 In wMch the degradation process is applied to the 
production of paper pulp. 

32. A process according to any of daims 22 to 27 in which the degradation process 
applied to the degradation of oiganic material such as a dyestuff In waste water. 

33. A process according to daim 32 in which the organic material is a dyestuff. 

34. A process for inhibiting the re-absorption of migrating dyes in the wash liquor, 
comprising introdudrtg into a wash liquor containing a peroxide detergent, from 0.001 to 
150 mg, per litre of wash liquor, of an enzyme having enhanced activity by virtue of the 
addition of a mediator compound acconjing to any of claims 1 to 21 . 
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35. A detergent composition comprising: 

i) 5-90% of A) an anionic surfactant and^or B) a nontonic surfactant; 

ii) 5-70% of C) a buUder; 

iii) 0.01 ^30% of D) a peroxide: and 

iv) 0.001-2% of E) an enzyme having enhanced activity by the adcfition of a mediator 
compound accoiding to any of claims 1 to 21. each by weight, based on the total weight of 
the detergent 

36. A detergent composition according to daim 35 comprt^ng: 

i) 5-70% of A) an anionic surfactant and/or 8) a nonionic surfactant; 
ti)5-50%ofC)abullden 

iii) V12% of D) a peroxide; and 

iv) 0.001-2% of E) an entyme having enhanced activity by the addition of a mediator 
compoiHid aooording to any of claims 1 to 21 . each by weight, based on the total weight of 
the detergent 

37. A composition aocorcBng to daim 36 comprising: 

i) 5-70% of A) an anionic surfactant and/or B) a nonionic surfactant; 

n)5-40%ofC)abuilden 

iiO M2% of D) a peroxide: and 

Iv) 0.02-2% of E) an enzyme having enhanced activity by the addition of a mediator 
compound according to any of claims 1 to 21 . each by weight, based on the total weight of 
the detergent 

38. A detergent oompositlon according to any of ciaims 35 to 37 comprising 0.5-5% by 
w^ght of a polymer useful In preventing the transfer of labUe dyes between fabrics during a 
washing cyde. 

39. A detergent composition aooording to daim 38 comprising 02-1.7% of the polymer. 

40. A detergent composition according to daim 38 or 39 in which the polymer is a 
polyvinytpyrroitdone optionally oontairung an anionic or cationic substituent. 
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41 . A detergent composition aocording to any of daims 35 to 40 in wNch th detergent is in 
powder or granulate (onn. 

42. A detergent composition aocording to any of daims 3S to 40 in which the detergent is in 
liquid fomi and contains 0-5% water. 

43. A detergent composition according to daim 42 in which the detergent is In liquid iom 
and contains 0-1 % water. 

44. A compound having the fonnula: 



45. A method according to clala l substantially as hereinbefore described 
with reference to any one of the foregoing Exanples. 
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